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TITLE OF THE INVENTION 

AUTOMATIC OPEN-CLOSE DEVICE FOR VEHICLE 

TECHNICAL FILED OF THE INVENTION 
[0001] The present invention relates to an automatic open-close device 
for a vehicle that automatically opens and closes an open-close component 
arranged to the vehicle, more specifically, it relates to a technology 
advantageous when applied to opening and closing a slide door. 

BACKGROUND OF THE INVENTION 
[0002] As an open-close component arranged to a vehicle such as an 
automobile, a slide door that opens and closes in sliding manners along a guide 
rail is known. For example, in many wagons and station wagons, slide doors 
are arranged at their sides for passengers' getting on and off and loading and 
unloading cargos into and from vehicle sides. 

[0003] This slide door has small opening space required for opening and 
closing, and is frequently applied for a relatively large opening portion, and a 
slide door itself tends to become of a larger size. Therefore, the weight of the 
slide door becomes heavy, and in some cases, it is difficult for a woman or a 
child to freely open and close it. Especially, on a slope, the slide door will not 
easily open owing to its own weight, or it will close abruptly, which has been a 
problem with the prior art. Therefore, under circumstances of increased family 
uses of station wagons and the likes, vehicles loaded with an automatic open- 
close device of a slide door that may be opened and closed easily by a women 
and a child have been released, and the number thereof is increasing for their 
convenience. As this automatic open-close device, one having a drum around 
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which a cable attached to a slide door is wound, and an electric motor that 
rotates this drum is known, and by rotating the electric motor in normal and 
reverse directions, the slide door is automatically opened and closed. 
[0004] Further, even for vehicles loaded with the automatic open-close 
device, there is a request for using manual open-close operation together. 
However, because a gear deceleration mechanism that decelerates the output 
of the electric motor is arranged between the electric motor and the drum, when 
the slide door is moved manually, the electric motor is also rotated via a 
deceleration gear, and resistance working on the slide door becomes large, and 
the open-close operation becomes heavy. Therefore, an electromagnetic clutch 
is arranged between the gear deceleration mechanism and the drum, and when 
the slide door stops in its fully opened status or fully closed status, this 
electromagnetic clutch is cut off, and a manual open-close operation may be 
carried out. 

[0005] In such an automatic open-close device, when the electromagnetic 
clutch is disconnected, the drum will rotate easily, accordingly, when the slide 
door is stopped at the intermediate position between its fully opened position 
and fully closed position, if the electromagnetic clutch is disconnected, in the 
instance when a vehicle is inclined, the slide door will open and close abruptly 
owing to its own weight, which is dangerous. Therefore, in one disclosed in 
Patent Application Laid-Open Publication No.10-317795 Gazette, when the 
slide door is stopped in its intermediate position, the electromagnetic clutch is 
made into its connected status, thereby the slide door is prevented from 
abruptly opening or closing on a slope or so. However, because the 
electromagnetic clutch is kept at its connected status when current is supplied 
from a battery, if the slide door is stopped at the intermediate position for a long 
time, the battery burden increases, and in some cases, the battery is apt to 
become dead, which has been other problem with the prior art. 
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[0006] Meanwhile, as disclosed in Patent Application Laid-Open 
Publication No. 10-1 93978 Gazette, an automatic open-close device is known 
where when the slide door stops halfway, the electromagnetic clutch is 
controlled intermittently and the slide door is moved to the open-close end 
portion and the electromagnetic clutch is switched to its disconnected status. 
However, in this instance, when the electromagnetic clutch is connected and 
disconnected, abrasion of the clutch surface is facilitated, and sounds occur 
owing to intermittent operation of the clutch, and electric noises occur, which 
has been still other problem with the prior art. 

DISCLOSURE OF THE INVENTION 
[0007] Accordingly, the object of the present invention is to improve the 
operational feeling of an automatic open-close device for a vehicle. 
[0008] The other object of the present invention is to reduce the burden of 
a battery by an automatic open-close device for a vehicle. 
[0009] According to the present invention, actions of the open-close 
component that stops at its intermediate position are controlled according to the 
inclined status of a vehicle, therefore, it is possible to improve the operational 
feeling thereof, without causing uncomfortable feeling to passengers and the 
likes. 

[0010] Further, according to the present invention, even when the driving 
unit is operated by low driving force to one direction of either its opening 
direction or its opening direction, if the open-close component fails to reach a 
specified speed within a specified time, the driving unit is operated by low 
driving force to the other side of either its opening direction or its closing 
direction, therefore, even when the vehicle is inclined with either side in the 
open-close direction of the open-close component as a downward side, it is 
possible to move the open-close component toward the downward side of the 
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inclination. 

[0011] Furthermore, accx)rding to the present invention, when the vehicle 
is at level, the driving unit is stopped with the open-close component at its 
intermediate position, therefore, it is possible to prevent the open-close 
component from being automatically moved even when the vehicle is at level, 
and to improve the operational feeling of this automatic open-close device for a 
vehicle. 

[0012] Moreover, according to the present invention, the open-close 
component that stops at its intermediate position over a specified time does not 
move owing to its own weight irrespective of the inclined status of the vehicle, 
and the clutch is disconnected after being controlled according to the inclined 
status of the vehicle, therefore, It is possible to reduce the burden of a battery. 
[0013] Still further, according to the present invention, the clutch is 
disconnected after being controlled according to the inclined status of the 
vehicle, therefore, it is possible to prevent abrasion of the clutch surface, 
sounds, and electric noises from occurring. 



BRIEF DESCRIPTION OF THE DRAWINGS 
[0014] FIG. 1 is an explanatory figure showing a vehicle where a power 
slide door device as a preferred embodiment according to the present invention; 
[0015] FIG. 2 is an enlarged top view showing the details of the power 
slide door device shown in FIG. 1 ; 

[0016] FIG. 3 is a top view showing the details of a slide actuator shown 

in FIG. 1; 

[0017] FIG. 4 is a cross sectional view along A - A in Fig. 3; 

[0018] FIG. 5 is an explanatory figure showing the control mode of the 

power slide door device shown in FIG. 1 ; 

[0019] FIG. 6 is a flow chart showing the control procedures of battery 
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protection actions in the power slide door device shown in FIG. 1 ; 

[0020] FIG. 7 is an explanatory figure showing the control timing in battery 

protection actions; and 

[0021] FIG. 8 is an explanatory figure showing the control timing in battery 
protection actions. . . . 

BEST MODE FOR CARRYING OUT THE INVENTION 
[0022] As shown in FIG. 1 , in a vehicle 1 , a power slide door device 2 as 
an automatic open-close device for a vehicle is arranged, and this power slide 
door device 2 has a slide door 3 as an open-close component. This slide door 3 
is movable along a slide rail 4 fixed onto the side of the vehicle 1 between its 
fully opened position shown in solid line and its fully closed position shown in 
dashed line, namely, this slide door 3 is attached to the vehicle 1 so as to freely 
open and close. Further, when a passenger gets on or off a second seat 5 or a 
third seat 6 arranged in the cabin, or puts cargos thereinto, the slide door 3 is 
opened to its fully opened position. 

[0023] As shown in FIG. 2, into the slide rail 4, a roller assy 7 that moves 
along the slide rail 4 is assembled, and to this roller assy 7, the tip part of an 
arm 8 fixed to the slide door 3 is attached so as to freely slide. Thereby, the 
slide door 3 is guided via the arm 8 and the roller assy 7 by the slide rail 4 so as 
to move in the front and rear directions of the vehicle. Further, to the vehicle 
rear end of the slide rail 4, a stopper rubber 11 and a checker 12 are arranged, 
and when the slide door 3 is opened to its fully opened position, the roller assy 
7 is kept between the stopper rubber 1 1 and the checker 12, thereby the 
movement thereof is prevented. 

[0024] In the vehicle front end of the slide rail 4, a curved portion 4a is 
formed, and the roller assy 7 is guided by this curved portion 4a, thereby the 
slide door 3 retracted and closed into the inside of the vehicle 1 so as to be 
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contained in the same surface as tlie side surface of the vehicle 1 . Further, to 
the slide door 3, a door lock 13 is arranged, and the slide door 3 that is in its 
fully closed position is kept by being locked by this door lock 13. 
[0025] To the slide door 3, a cable 14 is attached via the arm 8 and the 
roller assy 7. This cable 14 is guided to the front side and the rear side of the 
vehicle 1 toward reverse pulleys 15 and 16 arranged at both the ends of the 
slide rail 4, and by pulling one side of this cable 14, open-close actions of the 
slide door 3 are carried out. Further, so as to drive this cable 14, a slide 
actuator 20 is arranged to this power slide door device 2. The slide actuator 20 
is fixed onto the vehicle 1 around the center of the slide rail 4, and the cable 14 
is guided to the inside of the slide actuator 20 via the reverse pulleys 15 and 16 
from the vehicle front side and the vehicle rear side. 

[0026] FIG. 3 is a top view showing the details of the slide actuator shown 
in FIG. 1 , and FIG. 4 is a cross sectional view along A - A in Fig. 3, and FIG. 5 
is an explanatory figure showing the control mode of the power slide door 
device shown in FIG. 1. 

[0027] As shown in FIG. 3 and FIG. 4, to the slide actuator 20, an electric 
motor 21 is arranged as a driving unit. This electric motor 21 is operated when 
voltage is applied between power source terminals not illustrated therein, 
namely when current is supplied, namely, a rotating shaft 22 rotates. Further, by 
changing the direction of the current supplied between power source terminals 
not illustrated therein, the rotating shaft 22 may be rotated in its normal direction 
and its reverse direction. 

[0028] To the rotating shaft 22, a multi pole magnetized magnet 23 where 
10 poles are magnetized is fixed, and near the rotation orbit of this multi pole 
magnetized magnet 23, two hole IC's 24 are arranged with a phase difference 
of 90 degrees to each other. These hole IC's 24 may output a pulse signal Ps at 
every change of magnetic field when the multi pole magnetized magnet 23 
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rotates, and when the rotating shaft 22 makes its one rotation, from the hole 
IC's 24, pulse signals Ps for 10 cycles where phases are displaced by 90 
degrees are output. By the way, a hole IC is a sensor that converts a change of 
magnetic field into voltage. 

[0029] The output of this electric motor 21 , namely, the driving force 
thereof is transmitted via a driving gear 25, a large diameter spar gear 26 and a 
small diameter spar gear 27 to a driven gear 28. Namely, the driving gear 25 is 
fixed to the rotating shaft 22, and this driving gear 25 is engaged with the large 
diameter spar gear 26, and the small diameter spar gear 27 that is so formed as 
to rotate coaxially and integrally with the large diameter spar gear 26 is 
engaged with the driven gear 28. Thereby, the rotation of the rotating shaft 22 is 
decelerated and then transmitted to the driven gear 28. 
[0030] in this slide actuator 20, an output shaft 30 is arranged so as to 
freely rotate, and the driven gear 28 is supported so as to freely rotate relatively 
with the output shaft 30. Further, between the driven gear 28 and the output 
shaft 30, namely, between the electric motor 21 and the slide door 3, an 
electromagnetic clutch 31 as a clutch is arranged. 

[0031] The electromagnetic clutch 31 is of so-called abrasion type, and 
has an armature 32a of a driving disk 32 and a driven disk 33 and a coil portion 
34 that are arranged with their abrasion surfaces facing one another. The 
driving disk 32 is connected to the driven gear 28 via a spline joint 35, and 
rotates integrally with the driven gear 28 and is movable to the driven gear 28 in 
the shaft direction thereof. On the other hand, the driven disk 33 is fixed to the 
output shaft 30, and rotates integrally with the output shaft 30. The coil portion 
34 is arranged behind the driven disk 33, and generates electromagnetic force 
when current is supplied thereto, and pulls the armature 32a of the driving disk 
32 closer to the driven disk 33. Accordingly, when current is supplied to the coil 
portion 34, the abrasion surfaces of the respective disks 32 and 33 are pressure 
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connected and the electromagnetic clutch 31 gets in its connected status. 
Namely, in the connected status, the driven gear 28 and the output shaft 30 
become fixed to each other via the respective disks 32 and 33, and force 
transmission becomes available. On the other hand, when the supply of current 
to the coil portion 34 is stopped, the abrasion force between the respective 
disks 32 and 33 decreases and the electromagnetic clutch 31 gets in its 
disconnected status, and the connection between the driven gear 28 and the 
output shaft 30 is disconnected. 

[0032] As shown in FIG. 3, in the slide actuator 20. a drum 36 on which a 
spiral guide slot is formed is arranged, and the cable 14 guided by the slide 
actuator 20 is wound around this drum 36 several times along the guide slot. 
This drum 36 is fixed to the output shaft 30, and rotates integrally with this 
output shaft 30. Namely, this drum 36 is connected to the electric motor 21 via 
the gears 25 to 28, the electromagnetic clutch 31 and the output shaft 30, and is 
rotated by the electric motor 21 . Further, when the drum 36 is rotated, either the 
vehicle front side or the vehicle rear side of the cable 14 is wound up, and the 
slide door 20 carries out open-close actions. Accordingly, when the electric 
motor 21 is rotated in its normal direction and the drum 36 is rotated in its 
opening direction that is clockwise in FIG. 3, the cable 14 at the vehicle rear 
side is wound up by the drum 36 and the slide door 3 is pulled by the cable 14 
and moves toward its fully opened position. On the contrary, when the electric 
motor 21 is rotated in its reverse direction and the drum 36 is rotated in its 
closing direction that is counterclockwise in FIG. 3, the cable 14 at the vehicle 
front side is wound up by the drum 36 and the slide door 3 is pulled by the cable 
14 and moves toward its fully closed position. In this manner, the slide door 3 is 
driven by the electric motor 21 . 

[0033] According to the structure explained above, the current supplied to 
the electric motor 21 is controlled, thereby open-close actions of the slide door 
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3 may be controlled, and, the current supply to the electromagnetic clutch 31 is 
controlled, thereby the connection between the electric motor 21 and the slide 
door 3 may be switched to its connected status and its disconnected status. 
[0034] To the side of the drum 36, a multi pole magnetized magnet 37 
where 10 poles are magnetized is attached, and near the rotation orbit of this 
multi pole magnetized magnet 37, a hole IC 38 is arranged. This hole IC 38 
may output a pulse signal at every change of magnetic field when the multi pole 
magnetized magnet 37 rotates, and when the drum 36 makes its one rotation, 
from the hole IC 38, pulse signals for 10 cycles are output 
[0035] As shown in FIG. 5, in this slide actuator 20, an electronic control 
unit, namely, an ECU 40 is arranged to control the electric motor 21 and the 
electromagnetic clutch 31 . To this ECU 40, a battery loaded in the vehicle 1 but 
not illustrated therein is connected, and the ECU operates by electric power 
supplied from this battery. 

[0036] The ECU 40 is equipped with a micro processor (hereinafter, 
referred to as CPU 41), and to this CPU 41 , a ROM 43, a RAM 44, a timer 45 
and an I/O port 46 are connected via a bus line 42. In the ROM 43, control 
programs, calculation equations and map data and the likes are stored, and the 
RAM 44 may temporarily store data processed by the CPU 41 . Further, to the 
I/O port 46, the hole IC's 24 and 38, and a slide door open-close switch 
(hereinafter, referred to as open-close switch) not illustrated therein are 
connected, and pulse signals or command signals from these components are 
input via the I/O port 46 to the CPU 41 . 

[0037] The ECU 40 may detect rotation speeds of the electric motor 21 , 
i.e., the move speed Vo in the opening direction of the slide door 3 and the 
move speed Vc in the closing direction thereof, according to the cycle Tp of 
pulse signals Ps input from the hole IC 24, and detect the rotation direction of 
the electric motor 21 , i.e., the move direction of the slide door 3 on the basis of 
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the occurrence timing of these pulse signals. Further, the ECU 40 detects that 
the cycle Tp of the pulse signals Ps reaches a preset threshold value Ta or 
below, and thereby may judge whether the move speeds Vo and Vc of the slide 
door 3 reaches a preset specified speed, i.e., the move speed Va or higher. 
[0038] Further, the ECU 40 analyzes the rotation angle of the drum 36 by 
the pulse signals input from the hole IC 38, and may detect the position of the 
slide door 3 on the basis of this rotation angle. This is made by that the multi 
pole magnetized magnet 37 is magnetized so as to generate a reference pulse 
signal for the ECU 40 to recognize the reference position of the slide door 3 at 
the hole IC 38, and pulse signals are increased and decreased from the 
reference position of the slide door 3 based on this reference pulse. By the way, 
the reference position may be the fully opened position or the fully closed 
position of the slide door 3, or plural reference positions may be arranged too. 
Further, the ECU 40 may detect the lapsed time from a specified time point by 
the timer 45. By the way, the position of the slide door 3 may be detected not 
only by this hole IC 38 but also by a resolver or a rotary encoder and the like. 
[0039] Further, the ECU 40 may recognize that the slide door 3 stops at 
the intermediate position between its fully opened position and its fully closed 
position, from the detected move speeds Vo and Vc of the slide door 3 and the 
position of the slide door 3. When the ECU 40 as a stop time detecting unit 
recognizes that the slide door 3 stops at the intermediate position, it counts the 
lapsed time from the stop of the slide door 3 at the intermediate position. 
Namely, the ECU 40 may detect the stop time Ts of the slide door 3 that stops 
at the intermediate position. Further, the ECU 40 may judge whether this stop 
time Ts becomes a specified time or more, i.e., a preset protection action start 
time TP (10 minutes in the present embodiment) or more. 
[0040] To the I/O port 46, the electric motor 21 and the electromagnetic 
clutch 31 are further connected, and the CPU 41 calculates input signals from 
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the hole IC's 24 and 38 and the open-close switch according to the control 
program stored in the ROM 43, and thereby executes the driving control of the 
electric motor 21 and the switching control of the electromagnetic clutch 31. 
[0041] The driving control of the electric motor 21 by the ECU 40 as a 
control unit is carried out by Pulse Width Modulation (PWM) control. In the 
PWM control, the voltage to be applied to the portion between power supply 
terminals not illustrated therein of the electric motor 21 is intermittently applied 
according to the pulse width of pulse having a specified carrier frequency, and 
by changing this pulse width, it is possible to adjust the voltage duty ratio, i.e., 
the voltage value to be applied to the electric motor 21 . Therefore, the ECU 40, 
by changing the voltage duty ratio to be applied to the electric motor 21 , i.e., the 
driving duty ratio, may control the output, i.e., the driving force of the electric 
motor 21. Further, the ECU 40, by reversing the high potential side and the low 
potential side of the voltage to be applied to the portion between the power 
supply terminals of the electric motor 21, may switch the directions of the 
current to be supplied to the electric motor 21 . .Namely, the ECU 40 may switch 
the rotation direction of the electric motor 21 to its normal rotation and its 
reverse rotation. 

[0042] The ECU 40, by changing the duty ratio of the voltage to be 
applied to the electric motor 21 , may switch the actions of the electric motor 21 
to its automatic open-close mode and its low driving force mode. The ECU 40 
as an automatic open-close mode setting unit, in the automatic open-close 
mode, may set the driving force of the electric motor 21 enough to open and 
close the slide door 3 whether the vehicle 1 is at its level status or its inclined 
status. On the other hand, the ECU 40 as a low driving force setting unit, in the 
low driving force mode, may set the driving force of the electric motor 21 as 
weak as insufficient to move the slide door 3 when the vehicle 1 is at level. By 
the way, when the vehicle 1 is inclined by a specified angle or more in the 
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opening and closing direction of the slide door 3, the driving force of the electric 
motor 21 in the low driving force mode may be set so as to slightly support the 
move of the slide door 3 toward the downward side of the inclination,. 
[0043] Further, when the ECU 40 operates the electric motor 21 in the low 
driving force mode, the ECU counts the lapsed time from the start of the actions 
thereof, I.e., an action time Tr. And the ECU may judge whether the action time 
Tr becomes a preset speed judgment time Tj or more. 
[0044] Furthermore, the ECU 40 as a clutch control unit controls the 
current supply to the coil portion 34 of the electromagnetic clutch 31 , thereby 
may switch the electromagnetic switch 31 to its connected status and its 
disconnected status. 

[0045] As shown in FIG. 5, between the drum 36 and the two reverse 
pulleys 15 and 16, tensioners 51 and 52 are arranged respectively, and remove 
slackness of the cable 14 and keep the tension thereof always within a 
specified range. The tensioners 51 and 52 comprise fixed pulleys 53 and 54 
and moving pulleys 55 and 56, and the fixed pulleys 53 and 54 and the moving 
pulleys 55 and 56 are interconnected by interconnecting components 57 and 58. 
Central shafts 53a and 54a of the fixed pulleys 53 and 54 are fixed to the slide 
actuator 20, on the other hand, central shafts 55a and 56a of the moving 
pulleys 55 and 56 are formed in the interconnecting components 57 and 58, 
and the moving pulleys 55 and 56 rotate and also freely slide around the central 
shafts 53a and 54a of the fixed pulleys 53 and 54. Further, to the central shafts 
55a and 56a of the moving pulleys 55 and 56, other end of tension springs 59 
and 60 whose one end is fixed is attached, and the moving pulleys 55 and 56 
press the cable 14 arranged between the fixed pulleys 53 and 54, and may give 
the cable 14 a specified tension to be determined by the tension springs 59 and 
60. In this manner, by the tensioners 51 and 52, it is possible to absorb 
slackness in the cable 14 that occurs just after the drum 36 is rotated by the 
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electric motor 21, and slackness in the cable 14 that occurs when the roller 
assy 7 passes the curved portion 4a of the slide rail 4. 

[0046] Next, actions of the power slide door device 2 of such a structure 
as described above are explained hereinafter. 

[0047] When the open-close switch is operated by a driver when the slide 
door 3 is in its fully closed status, and a command signal to open the slide door 
3 is input to the ECU 40, the ECU 40 makes the slide door 3 carry out its 
automatic opening action. This automatic opening action is carried out in the 
following procedures. 

[0048] First, the ECU 40 supplies current to the coil portion 34 of the 
electromagnetic clutch 31 and switches the electromagnetic clutch 31 to its 
connected status. Next, the ECU makes the electric motor 21 into its automatic 
open-close mode and rotate the electric motor in its normal rotation direction, 
i.e., its opening direction and rotates the drum 36 in its opening direction. 
Thereby, the vehicle rear side of the cable 14 is wound up by the drum 36, and 
the slide door 3 is pulled by the cable 14 and starts moving toward its fully 
opened position. At this moment, the ECU 40 starts the detection of the move 
direction and the move speed Vo of the slide door 3 by the pulse signal Ps from 
the hole IC 24, and starts the detection of the position of the slide door 3 by the 
pulse signal from the hole IC 38. Then, when the roller assy 7 goes over the 
checker 12 and the slide door 3 moves to its fully opened position, the current 
supply is cut off and the electric motor 21 is stopped, then, the electromagnetic 
clutch 31 is switched to its disconnected status. 

[0049] On the contrary, when the open-close switch is operated by the 
driver when the slide door 3 is in its fully opened status, and a command signal 
to close the slide door 3 is input to the ECU 40, the ECU 40 makes the slide 
door 3 carry out its automatic closing action. This automatic closing action is 
carried out in the following procedures. 
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[0050] First, the ECU 40 supplies current to the coil portion 34 of the 
electromagnetic clutch 31 and switches the electromagnetic clutch 31 to its 
connected status. Next, the ECU makes the electric motor 21 into its automatic 
open-close mode and rotate the electric motor in its reverse rotation direction, 
i.e., its closing direction and rotates the drum 36 in its closing direction. Thereby, 
the vehicle front side of the cable 14 is wound up by the drum 36, and the slide 
door 3 is pulled by the cable 14 and starts moving toward its fully closed 
position. At this moment, in the same manner as in the automatic opening 
action, the ECU 40 starts the detection of the move direction and the move 
speed Vc of the slide door 3. Then, when the slide door 3 moves to its fully 
closed position, the current supply is cut off and the electric motor 21 is stopped, 
then, the slide door 3 is kept at its fully closed position by the door lock 13, and 
the electromagnetic clutch 31 is switched to its disconnected status. 
[0051] This power slide door device 2 may carry out automatically the 
open-close operation of the slide door 3 by the above automatic open-close 
actions, i.e., the automatic opening action and the automatic closing action, and 
also may carry out the open-close operation of the slide door 3 manually. 
Namely, when the slide door 3 gets in its fully opened position or its fully closed 
position, the electromagnetic clutch 31 is made into its disconnected status, and 
the drum 36 may easily rotate also by input from the slide door 3 side, and the 
slide door 3 may easily opened and closed manually. 

[0052] Further, this power slide door device 2 may stop the slide door 3 at 
the intermediate position between the fully opened position and the fully closed 
position, by operating the open-close switch once again when the slide door 3 is 
opening or closing by the automatic opening action or the automatic closing 
action. And, when the slide door 3 is stopped at the intermediate position, even 
if the vehicle 1 is inclined in the open-close direction of the slide door 3, the 
power slide door device keeps the electromagnetic clutch 31 at its connected 



14 



status, in order to prevent the slide door 3 that is stopped at the intermediate 
position from moving toward the downward side of the inclination owing to its 
own weight: Namely, it keeps the electromagnetic clutch 31 at its connected 
status and prevents the drum 36 from easily rotating, thereby keeps the slide 
door 3 that stops at the intermediate position at the intermediate position. 
[0053] FIG. 6 is a flow chart showing the control procedures of battery 
protection actions in the power slide door device shown in FIG. 1. Further, FIG. 
7 and FIG. 8 are explanatory figures showing the control timing in battery 
protection actions. 

[0054] In this power slide door device 2, when a specified time or more, 
i.e., a protection action start time Tp (10 minutes in the present embodiment) or 
more elapses after the slide door 3 stops at the intermediate position, a battery 
protection action is carried out. By reference to the flow chart shown in FIG. 6, 
the control procedures of this battery protection action are explained hereinafter. 
[0055] First, when the open-close switch is operated once again while the 
slide door 3 is working in the automatic opening action or the automatic closing 
action, in step SI , the slide door 3 temporarily stops at the intermediate position, 
and the ECU 40 starts counting, i.e., detecting a stop time Ts. Next, in step S2, 
it is judged whether the stop time Ts has become the protection action Tp or 
more. And if it is judged that the stop time Ts has become the protection action 
start time Tp or more in the step S2, then in step S3, the low driving force mode 
is set, and the electric motor 21 is operated in the closing direction by low 
driving force. Namely, when the slide door 3 stops at the intermediate position 
for the protection action start time T(3 or more, the electric motor 21 is operated 
by low driving force in the closing direction, i.e., the direction to drive the slide 
door 3 toward its fully closed position, and low driving force working in the 
closing direction is given to the slide door 3. 

[0056] Next, in step S4, it is judged whether the move speed Vc of the slid 
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door 3 in the direction toward the fully closed position has become a movable 
speed Va or higher. Herein, the movable speed Va is a preset comparative 
value for judging whether the slide door 3 has moved. And, when it is judged 
that the move speed Vc is the movable speed Va or higher in the step S4, a 
buzzer not illustrated therein sounds in step S5, then in step S6, the electric 
motor 21 is operated in the closing direction in the automatic open-close mode, 
and by the automatic closing action, the slide door 3 moves toward the fully 
closed position. Namely, as shown in FIG. 7, when it is detected that the cycle 
Tp of the pulse signal Ps, i.e., the n-th cycle Tpn from the setting of the low 
output mode becomes the threshold value Ta or below and the move speed Vc 
of the slide door 3 in the low driving force mode becomes the movable speed 
Va or higher, the mode is switched to the automatic open-close mode and the 
slide door 3 is automatically closed. Herein, the instance where the move speed 
Vc is judged to be the movable speed Va or higher in the step S4 is the 
instance where the vehicle 1 is so inclined that the closing direction side, i.e., 
the vehicle front side of the slide door 3 is at the downward side, and in such an 
instance, the slide door 3 is automatically operated by the automatic closing 
action toward the fully closed position to become the downward side of the 
inclination. And when the slide door 3 reaches the fully closed position by the 
automatic closing action, the electromagnetic clutch 31 is switched to its 
disconnected status. Namely, the electric motor 21 is operated in the closing 
direction by low driving force, and it is detected that the move speed Vc of the 
slide door 3 becomes the movable speed Va or higher, thereby it is judged that 
the vehicle 1 is inclined in the closing direction, and in this instance, the slide 
door 3 is moved to the downward side of the inclination, thereby uncomfortable 
feeling to passengers and the likes is reduced, and the slide door 3 is moved to 
the fully closed position, and in a status where the slide door 3 will not close 
owing to its own weight, the electromagnetic clutch 31 is switched to its 
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disconnected status. 

[0057] As described above, when the vehicle 1 is inclined in the open- 
close direction of the slide door 3, the slide door 3 that has stopped at the 
intermediate position over the specified time is automatically operated toward 
the downward side of the inclination, as a consequence, the slide door 3 will not 
move against the inclination, namely, toward the upward side of the inclination, 
and will not start moving when the vehicle 1 is in its level status, therefore, it is 
possible to improve the operational feeling of this power slide door device 2, 
without causing uncomfortable feeling to passengers and the likes. 
[0058] Further, when the vehicle 1 is inclined in the open-close direction 
of the slide door 3, the slide door 3 that has stopped at the intermediate position 
over the specified time is automatically operated toward the downward side of 
the inclination, as a consequence, in a status where the slide door 3 will not 
close owing to its own weight, it is possible to switch the electromagnetic clutch 
31 to its disconnected status, and thereby reduce the burden of the battery. 
[0059] On the other hand, when the move speed Vc is judged to be the 
movable speed Va or below in the step S4, it is judged whether the action time 
Tr has become the speed judgment time Tj or more in step S7. And, in the step 
S7, if the action time Tr is the speed judgment time Tj or more, the rotation 
direction of the electric motor 21 is reversed in step S8, namely, the electric 
motor is operated in the opening direction in the low driving force mode, and 
low driving force in the opening direction is given to the slide door 3. Namely, by 
the electric motor 21 that operates in the closing direction in the low driving 
force mode, when the move speed Vc of the slide door 3 is not made into the 
movable speed Va or higher within the speed judgment time Tj, it is judged that 
the vehicle 1 is at its level status or inclined so that the opening direction side, 
i.e., the vehicle rear side is at the downward side at the specified inclined angle 
or more, and the operating direction of the electric motor 21 is reversed. By the 
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way, in the step S7, if its is judged that the action time Tr is the speed judgment 
time Tj or below, the procedure goes back to the step S4, and it is judged once 
again whether the move speed Vc of the slide door 3 has become the movable 
speed Va or higher. 

[0060] Next, in step S9, it is judged whether the move speed Vo of the 
slide door 3 in the direction toward the fully opened position has become the 
movable speed Va or higher. And in the step S9, if it is judged that the move 
speed Vo of the slide door 3 in the direction toward the fully opened position is 
the movable speed Va or higher, the buzzer not illustrated therein sounds in 
step S10, then in step S1 1, the electric motor 21 is operated in the opening 
direction in the automatic open-close mode, and as shown in FIG. 7, the slide 
door 3 moves toward the fully opened position by the automatic opening action. 
Herein, the instance where the move speed Vo is judged to be the movable 
speed Va or higher in the step S9 is the instance where the vehicle 1 is so 
inclined that the opening direction side, i.e., the vehicle rear side of the slide 
door 3 is at the downward side, and in such an instance, the slide door 3 is 
automatically operated by the automatic opening action toward the fully opened 
position to become the downward side of the inclination. And when the slide 
door 3 reaches the fully opened position by the automatic opening action, the 
electromagnetic clutch 31 is switched to its disconnected status. In this manner, 
when the slide door 3 is not moved even if the electric motor 21 is operated to 
the closing direction by the low driving force, namely, even if the move speed 
Vc in the direction toward the fully closed position is not the movable speed Va 
or higher, the operating direction of the electric motor 21 is reversed, thereby, 
when the move speed Vc is the movable speed Va or higher, it is judged that 
the vehicle 1 is inclined in the opening direction, and the slide door 3 is 
automatically opened toward the opening direction. Accordingly, when the 
vehicle 1 is inclined in the opening direction, the slide door 3 moves to the 
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downward side of this inclination, consequently, it is possible to move the slide 
door 3 to the fully opened position without causing uncomfortable feeling to 
passengers and the likes. Then, at the fully opened position, the slide door 3 
will not close owing to its own weight, and in this status, the electromagnetic 
clutch 31 is switched to its disconnected status. 

[0061] In this manner, when the move speed Vc of the slide door 3 is not 
made into the movable speed Va or higher even if the electric motor 21 is 
operated to the closing direction by the low driving force, the electric motor 21 is 
operated to the opening direction by the low driving force, consequently, even 
when the vehicle 1 is inclined with one side of the opening and closing 
directions of the slide door 3 at the downward side, it is possible to move the 
slide door 3 toward the downward side of the inclination. 
[0062] On the other hand, in the step S9, if it is judged that the move 
speed Vo is the movable speed Va or below, in step SI 2, it is judged whether 
the action time Tr has become the speed judgment time Tj or more. In the step 
SI 2, if it is judged that the action time Tr is the speed judgment time Tj or more, 
then in step SI 3, the electric motor 21 is stopped, thereafter, in step S14, the 
electromagnetic clutch 31 is switched to its disconnected status. Namely, as 
shown in FIG. 8, by the electric motor 21 that operates in the low driving force 
mode, whether in the opening direction or in the closing direction, when the 
move speeds Vc and Vo of the slide door 3 are not the movable speed Va or 
higher, it is judged that the vehicle 1 is at level, namely in the status where the 
slide door 3 will not move owing to Its own weight, and the slide door 3 is left at 
the intermediate position and the electromagnetic clutch 31 is switched to its 
disconnected status. By the way, in the step SI 2, if it is judged that the action 
time Tr is the speed judgment time Tj or below, the procedure goes back to the 
step S9, where it is judged once again whether the move speed Vo of the slide 
door 3 has become the movable speed Va or higher. 
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[0063] In this manner, by the low driving force mode, whether in the 
opening direction or in the closing direction, when the move speeds Vc and Vo 
of the slide door 3 do not become the movable speed Va or higher within the 
specified time, the electric motor is stopped, therefore, when the vehicle 1 is at 
level, it may be stopped while leaving the slide door 3 at the intermediate 
position. Accordingly, when the vehicle 1 is in its level status, the slide door 3 is 
kept at the intermediate position, therefore, it is possible to prevent the slide 
door from automatically opening or closing even when the vehicle 1 is in its 
level status, and to improve the operational feeling of this power slide door 
device 2. 

[0064] Further, by the low driving force mode, whether in the opening 
direction or in the closing direction, when the move speeds Vc and Vo of the 
slide door 3 do not become the movable speed Va or higher within the specified 
time, namely, when it is judged that the vehicle is in its level status, the 
electromagnetic clutch 31 is switched to its disconnected status, therefore, it is 
possible to reduce the burden of the battery. 

[0065] In this manner, in the power slide door device 2 according to the 
present invention, the actions of the slide door 3 that stops at the intermediate 
position are controlled according to the inclined status of the vehicle 1, namely, 
when the vehicle 1 is inclined, the slide door is moved to the downward side of 
the inclination, and when the vehicle is at level, the slide door is stopped at the 
intermediate position as it is, therefore, it is possible to improve the operational 
feeling thereof, without causing uncomfortable feeling to passengers and the 
likes. 

[0066] Further, in the power slide door device 2 according to the present 
invention, the slide door 3 that stops at the intermediate position over the 
protection action start time T|3 is prevented from moving owing to its own weight 
irrespective of the inclined status of the vehicle 1, and the electromagnetic 
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clutch 31 is controlled according to the inclined status of the vehicle 1 and 
thereafter disconnected, therefore, it is possible to reduce the burden of the 
battery. 

[0067] Furthermore, in the power slide door device 2 according to the 
present invention, and the electromagnetic clutch 31 is controlled according to 
the inclined status of the vehicle 1 and thereafter disconnected, as a 
consequence, there Is no need to continuously control the electromagnetic 
clutch 31, therefore, it is possible to prevent abrasion, sounds, and electric 
noises of the electromagnetic clutch 31. 

[0068] The invention is not limited to the preferred embodiment herein, 
but may be embodied in other specific forms without departing from the spirit or 
essential characteristics thereof. For example, in the present embodiment, the 
open-close component is the slide door 3 that may be freely opened and closed 
in backward and forward directions, however, the present invention is not 
limited to this, but in the place of this, for example, other open-close 
components, such as a back door that is attached to a vehicle rear end via 
hinges so as to freely open and close in the vehicle lateral direction and the 
likes, may be employed. 

[0069] Further, in the present embodiment, when the move speed Vc of 
the slide door 3 is not the movable speed Va or higher in the low driving force 
mode, the move speed Vo in the opening direction and the movable speed Va 
are compared, however. In the place of this, the move speed Vo in the opening 
direction and the movable speed Va may be compared in advance, and when 
the move speed Vo is not the movable speed Va or higher, the move speed Vc 
in the closing direction and the movable speed Va may be compared. 

INDUSTRIAL APPLICABILITY 
[0070] As explained heretofore, the present invention may be applied to 
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the manufacture of a vehicle where an open-close component may be opened 
and closed automatically. 
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